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A ft STR ACT 

A statistical analysis of data from the Equal 
Educational Opportunity Survey (EOS), conducted by the U.S. Office of 
Education in 1965, leads to the concept that teacher influence on or 
"resourceness” for a child differs by the type of child. This concept 
is called "teacher specificity." Single linear regression analysis 
and a 3-equation system with simultaneous estimation were applied to 
data from the EOS sixth grade questionnaire, teacher questionnaire, 
and principal questionnaire to develop a correlation between school 
resources and variations in students' raw test scores for two 
populations — white students and black students. Tne difference m 
correlation coefficients for the two populations is the basis for the 
idea that these resources have different value "resourceness for 
whites and blacks. Extension of this idea suggests that teacher 
evaluation might be based on the specific situation rather than a 
qeneral set of standards. Greater local control, specifically y 
school principals , would be a method of implementing is YP e ° 
evaluation. An analogy is drawn between the teacher-stude nt 
relationship for normal children and for exceptional children. (RT) 
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If we can arbitrarily, and without precise distinction, consider 
that schooling might affect skills, values, and personalities, there is 
a difference of opinion about which of these actually occurs: 

t 

The school, then, is an organizational embodiment of a 
major social institution whose prime function is to 
bring about developmental changes in individuals. It 
is an agency of socialization whose task is to effect 
psychological changes that enable persons to make tran- 
sitions among other institutions; that is, to develop 
capacities necessary for appropriate conduct in social 
settings that make different kinds of demands on them 

•X* 

and pose different kinds of opportunities. [(9), p. 3.] 

As social scientists, we maintain a skeptical view con- 
cerning the efficacy of formal schooling for the teach- 
ing of values. To the social scientist a view of formal 
education as an omnipotent socializing agent shows an 
exaggerated regard for education. The social scientist • 
is not convinced that institutions of formal education 
are capable of accomplishing all the mammoth tasks that 
some, apparently expect of them. The classroom may well 
be a place where formal skills are learned; it may also 
contribute to the transition from the family -to the 
larger society. Finally, it may contribute somewhat to 
the maintenance of a core culture or the creation of a 
cultural synthesis. But whether formal education really 
has much influence on either cultural values or social 
behavior is not evident. [(l4), p, 7.] 
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The recent rapid entry of model-oriented social scientists, socio3.ogists 
and economists particularly, into educational research has brought an 
unfortunate emphasis on the latter point of view, Skills., being more 
measurable, are taken .to be the outcome of schooling in most statistical 
studies. An empirical approach not relying on statistical ana3.yses , led 
Dreeben to his conclusion: He observed the structure of schools, asked 

what that structure could produce. With Callahan’s work [5] 
as additional evidence, one could conclude that the major outcome of 
schools has not historically been meant to be cognitive skills. And for 
purposes of generating income, the work of Gintis [12] and Berg [2] indi- 
cates that cognitive skills are not necessarily the most useful outcomes 

of schooling, 

Nonetheless, recent investigations of school outcomes and the 
school characteristics that affect them (or do not affect them) have 
centered on these skills which schools may not have been intended to pro- 
duce, are not structured to produce, and would not necessarily benefit 
people if they did produce. Studies continue, this one no exception, to 
ask questions about the relationship between inputs and outputs despite the 
fundamental lack of knowledge of what outputs are desired, possible, and 
efficacious . 

The ideas set out here, the kind of research described, therefore 
must not be taken as evidence for one kind of school structure as against 
another. It is too facile— and too common— to investigate one area of 
school production, ignoring the consequences in other areas. It could 
certainly be that a technique, say tracking, did successfully increase 
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cognitive skill acquisition at all levels , and yet, wns^cn^^ 

as a method of school organization . * Thus X will di scuss the question of 
the specificity of teacher characteristics in producing outputs such as 



reading scores, or even student attitudes, without meaning to imply that 

r 

if certain types of children respond better to different types of teachers, 
then the schools shou3.d be organised to match them. This will be one 
argument that some such organisation might be desiiable, but for many 
reasons it may not be. 1 will conclude the paper with a suggestion about a 
school authority structure which might better accommodate my findings and 
general theory. But this is meant to be tentative and suggestive, not per- 
suasive. That is, there are two kinds of arguments against my findings: 
First, one could argue that they are incorrect or at least inconclur ive. 
This is a technical kind of discussion which would hopefully result in 



the design of a test which would confirm or deny the results reported here. 
But second, one could accept my results, but reject their implications ^ 
because the ‘school policies they imply are unacceptable. 1 hope only to 
set the tone, and, X pray, a trend, that one cannot advocate school policy 
on the basis of a very limited set of school outcomes, say, on the basis of 
skill production, absent any knowledge of the personality or value system 



effects of bhat policy. 



*1 am not sure this possibility is actually as likely as, in warning 
against it, I must assume it is. If the social outcomes are disastrous, the 
test scores are likely to be poor also. In fact, to assume that students 
could be both extremely alienated and maximum performers is absurd. But 
since skills as measured by test scores 'and other social outcomes are no^ 
perfectly correlated, the warning is still in order. And the question of 
deciding on a method when it helps some people but not others, _ and yet must 
be imposed on none or all— which is the nature of tracking— points out the 
inadequacy of correlation as a substitute for value judgments. 
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The Paper in Outline 

With this brief caveat, X will here outline the intended progress of 
this paper. The next section begins with a limited discussion of school 
production, and discusses some characteristics which X deem important to an 
ex post cross nation instigation of the effects of schooling. This dis- 
cussion is intended to begin to clear the air about different conclusions 
which have been reached regarding the association of school and teacher 
characteristics with student test scores. The way to determine which 
study has reached correct statistical conclusions is to Investigate the 
properties of the investigations: the samples, definitions of variables, 

statistical techniques employed. These must be justified, and the 
of a study must be weighted by the appropriateness of the techniques. 

Following this exposition, ordinary least square estimates of the 
relationships between test scores and school inputs are presented and dis- 
cussed. The interpretation of statistical results is a separate issue 
from their- correctness, and my claims for -jr interpretation will be far 
more cautious than my claims for my findings. There, however, some basic 
points of this paper will begin to emerge. A brief exposition of a simul- 
taneous equations system will add fuel to the fire . 

In the third section, the implications which might be draw from 
the statistical presentation are examined. Concepts such as "resourceness" 
and "specificity" will be defined in terms of the regression results. How- 
ever, the inferences are tentative, and some ways in which they might be 
altered are suggested. I will conclude the paper, then, with a brief 
fourth section about the implications of this work and its tentative in- 
terpretation for school administration. A possible modification of the 
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present structure is offered — as is the whole paper — as suggestive, not 
definitive. 

1 include, as an Appendix, a review of some material from the field 
of teaching "exceptional children,” especially the blind, deaf,. and men- 
tally retarded. The emphasis will be on the acceptance, in these cases, of 
the concept of teacher specialization by type of child , as opposed to 
specialization by subject matter. My major effort in the text of this 
paper is m'erely to extend that already accepted notion to a broader view 
of the need to consider the characteristics of the pupils in making 
teacher assignment, and in teacher training. 



\j\ 
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STATISTICAL INVESTIGATION OF TEACHER RESOURCENESS 

The exposition here will not be abstract theory, but the theory which 
leads directly to use of the Equal Educational Opport unity Survey (1965) 
data to investigate the association of school and teacher characteristics 
with student outcomes. The exposition will discuss the following, in 
order: the data sample, the observations, the variables, and the statistical 

technique. Especially in the last section, 1 will assume that the reader 
is familiar with the paper by Henry M. Levin [27] prepared for this con- 
ference, The sample and variables used here are identical to those used 

•x- 

by Levin, and the simultaneous model is similar. 

T he S ample 

The data used in this study came from the Equal Educational Oppor- 
tunity Survey (hereinafter referred to as EOS), conducted by the U. S. 
Office of Education in 1965, and reported in 1966 as Equanty of Educational 
Opportunity , (hereinafter referred to as EEO), often called ’The Coleman 
Report” after its major author [7b Many people have investigated the 
EOS data, arriving at different conclusions about the association of school 
characteristics with achievement, I believe most of the differences, be- 

*The data and models have been derived jointly by Levin and myself 
both concurrently at Stanford and Harvard, and in summer work together at 
Stanford, Randall D, Weiss has also contributed to the formulation. and 
estimation of the simultaneous equations model. The first person singu- 
lar is used on the following pages to assign responsibility, not credit, 
to myself. 

*See [1], [7], [16], [18], [28], [37]. 
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sides those in statistical technique, can be attributed to the choice of 
sample . The question must be: what sample of the population should we 

look at to determine the extent of this association? 

The basic constant which mu-st be assumed in these studies is that all 
schools observed must be trying to maximize the same thing, hopefully our 
output measure, though that is not strictly necessary. And they must be 
acting this way for all children in the school, or else we must observe only 
those children for whom this is true. Figure 1 shows the case in which 
two outputs, A and B, are related by the "production frontier" as indi- 
cated. This is merely the locus of possible outcomes with the resources 
at hand. Schools A^ and tend to produce A and B respectively, as do 
A p and B 0 , which are endowed with more resources. The more resources of 
Bg do not produce more of A than A^ , nor does A g produce as much B as B^. 

We can find statistically that resources do not affect either A or B, 
when in fact they affect both regardless of which is preferred by the 
school. 

Within a school district there is a variation of social class among 
schools which might lead to variation in aims of programs, There is also 
variation of class within schools which might induce differential program 



*■ 

Maximization of a complement of our 
the complementarity were strictly linear. 



output measure would suffice, 



if 



•X 1 *x* 

' 'One might object that if schools tried to maximize different things, 
they would not do so with the same kinds of inputs, but would employ those 
best for the output. For example, trade schools do not hire verbally pro- 
ficient, but manually proficient teachers. However, elementary schools are 
equipped by tradition more than by rational management, the maximization of 
various outputs taking place on location, not overtly on central direction. 



Variations in inputs do not 
other output is not accounted for. 



correlate with either output when the 



0 



8 









figure 1 




Note: A and B represent outcomes of schooling* 

Each production frontier represents the locus 
of possible outcomes from the school resources 
(2 indicating more resources than 1), depending 
on to what ends they are used* 
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aims for different children. The same kind of variation in aim occurs 
among districts, but I think less of this variation occurs within than be- 
tween districts. Many overt and covert policies of school boards which 
indicate differences in their aims can be controlled: the factory town which 

in general produces workers for the plant, the prestige suburb which pro- 
duces college graduates, the central city which produces a spectrum and, 
like Hew York or Boston, allows its citizens to be chosen "fairly" (that 
is, by exam) into the. prestige high schools. The aims of the school board, 
the environment of the city (air pollution, garbage collection, etc., all 
of which could have education consequences; even the mean temperature) — 
all of these variables are controlled by choosing one large city with 
several schools. This sample is not perfect: the dilemma of Figure 1 

has not been solved.* But X believe it is considerably reduced. To the 
extent that this problem still occurs, the observed association between 
school characteristics and children's achievement is reduced below the 

actual association. 

Xn addition, previous studies have included children m the sample 
who had not been in the same school in preceding years. They were identi- 
fied with their correct home variables, but incorrect school variables. 

In many cases, this is probably not serious: some children transfer among 



*Katzman (23] shows, for example, that the outputs of different ulo- 
nentury schools in Boston are quite different. I infer from his finding 
that the aims of these schools differ, though Katzman does not agree that 
this inference should be drawn. Different goals of schools, and the dif- 
ferent goals which the school has for different children, is a vital prob- 

lem in this type of analysis. 
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very similar schools. By choosing a central city, the upwardly mobile 

children who have recently moved to the suburb are eliminated. Those who 

will soon move out may remain unidentified. However, the resulting bias in 

the association of school variables with output is toward zero, while not 

affecting the home variables. Although this bias is not unacceptable, it 

is not necessary. I have eliminated from the sample those children who 

* 

had not been in the school in question since the first grade. 

The sample, then, comprises those children in a large eastern city, 
"Eastmet,” who had attended only one elementary school. This sample 
was divided into whites, blacks, and others, only the white and black 

X-X- 

samples being utilized for this study. 

Observations 

IDebate among researchers has been endless about whether one ought to 
observe individual children or school means in this type of study. The 
question is often based on argument about the number of degrees of freedom 
when individual children are used: is the number of schools, or the number 
of children the base? I will surely not answer this question to the satis- 
faction of people who think differently, but explanation of my procedures 
follows . 

Most of the variation in test scores occurs within schools. Chil- 
dren within schools differ more from each other than schools as groups do 



'strictly speaking, I need only have eliminated those who had not 
been there since the fourth grade, since I used only the later grade 
teachers. However, the questions in EOS did not allow this distinction. 






Those pupils who said they were black and something else (Puerto 
Rican or Mexican) were included due to a coding error. 
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from each other. This is an interesting finding. It has been used to 
show that schools are relatively ineffective, for tetter schools should 
produce tetter students. However, since there is grouping within as 
well as between schools, there is no reason to believe that schools are in- 
effective on these grounds. We are bach to the Figure 1 problem: if each 

school chooses some students on whom to stress the outputs we measure, 
others to stress other outputs, then schools could be totally effective, 
produce all variations , and yet there would be more variation within than 
between schools. Furthermore, if the selection were made by social class, 
then the social class variables would be associated with output differences. 

To see this, consider several schools which are formed by random 
selection of students from a community* Within each school, children aie 
grouped by their behavior, which is correlated with their social class. 

The more cooperative, passive students are put in the high '’track,” which 
stresses academic output. The lower tracks stress behavioral outputs more 
and more. By grade six, the upper track has been reduced in relative size 
by elimination of those who, though behaviorally adept, do not succeed 

•x- 

academically. Lower track academic successes, however, do not move up. 

The mean social class and mean test scores will be equal among schools. 
Within schools social class and test score will correlate highly. If one 
were bound to interpret "social class” as necessarily indicating home, influ- 
ence, and observed school means, he would conclude that schools had no ef- 
fect . 

This description of the school is essentially adopted from Mackler 



( 30 ). 
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By construction, however, this conclusion would he incorrect. In 
fact schools are not alike by social class or achievement. Some ^ntei- 
school variation is observed, and it correlates with social class more 
than with school characteristics. However, consider the other polar case: 
the tracking I described above now occurs among schools. School //I is ini- 
tially selected by social class, though by grade six some uppei class 
children have been moved to schools //2 and lower, The interaction of high 
social class and reasonably high ability would perfectly predict place- 
ment in school //l, and therefore test score. By linear regression where 
only social class is entered, that variable would predict quite well. Since 
school resources in this case would be allocated by function academic re- 

s 

sources to the academfc school, etc. — school variables would also predict 
outcome. 

The facts seem to lie somewhere in the middle: schools are rela- 

tively homogeneous by social class, as in the first polar case, but not 
completely so. Since abilities vary within social class, and social be- 
havior varies within each school, each school can have its academic, each 
its non-academic group. The variation between schools, which would be 
greater if schools were treated as in the second polar ease, is reduced 
by intra-school grouping. But some between school output variation still 
occurs, and it is associated with the mean social class of the school. The 
interpretation that it is therefore "due to" the social class of the school 
is correct, but the interpretation that this operates through home life of 
the students is incorrect. Similarly, when one finds that a lower class 
child does better academically in an upper class school, one need not con- 




13 



elude that this is due to the direct influence of his classmates on him. 

It may he that the school he is in stresses academic outputs more than 
the schools of his social class equals. There is simply no reason to be- 
lieve, from the correlation between social class and academic success, 
either by school mean or by individuals, that the cause of this association 

V; 

is the home life of the children. 

This argument, then, speaks to the issue of whether to observe 
school means or individuals in this sense: By the models just presented, 

the association is between the child and his output . To what extent this 

between schools . , . 

association is found/ depends on the school structure, 3. . e . , on to what 

extent grouping occurs within or between schools. This extent may vary 

* 

from city to city, and even within cities. It seems wiser, then, to 
observe children directly. 

There are other arguments: Children are of more interest than 

schools. I don’t know what to make of the fact that mean school resources 
do not.. correlate with mean school output. The resources going to a child 
might still be very important. Since the -variables labeled "school charac- 
teristics" do not vary within schools, obviously I cannot determine the 
effect of within school variation in these characteristics with these 
variables. But I can still pick up their effect to the extent that I can 
identify the individual characteristics by which these inputs are allocated. 
The problem is partly one of interpretation, and partly that the correlation 
between individual characteristics which we measure (which exclude, for 



no direct 



There may be great reason to believe this, and it may be true, but 
rect st at 1st ic al inf or enc e of this nature can be made, 
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exampi le, direct "behavioral measurer.) and the allocation of school inputs 
may not be perfect. 

The variation which we want to explain , then, is variation in student 
scores, not variation in school scores. The fact that this variation oc- 

r 

< 

curs mostly within schools, that the percent of this variation which we 
can explain with the variables we have is small (about 47 percent of 
verbal score variation, 36 percent of reading score, for whites), is a fact 
not to be covered up by observing the relatively invariant school means. 



The argument about degrees of freedom, in this context, is nonsense. 
We observe children in situations. There are not as many situations as 
children. But similarly there are, for example, only two sexes, nine 



categories of possessions, 50 possible scores on the verbal test. These 
numbers have nothing to do with degrees of freedom. When two children in 
the same school receive different test scores, then the association 
between the school characteristics and those scores is reduced. That is 
an accurate portrayal of the situation: knowledge of aggregate resources 

does not predict individual success. It is like observing the difference 
in behavior between married men and bachelors. If a thousand observations 
are taken, then the degrees of freedom calculation begins with 999 on 
taking the mean, and is reduced from that figure by adding independent 
variables. It is not two. To the extent that variations of behavior 
within the categories "married” and "bachelor" may occur, they indicate 
that this variable is not a good explainer of that variation. But the de- 



grees of freedom are not affected by this consideration. 



Suppose everyone who is married lives in a private home, and all 
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■bachelors live in apartments. Then entering type of living quarters would 
be redundant if marital status is already included, Similarly, if there 
are only 34 schools with whites in Eastmet, no more than 33 school vari- 
ables can be entered into a regression equation. From the 34th on, each 
variable can be expressed as a linear combination of the others. But this 
does not limit the degrees of freedom when some small number of school 
variables are entered, any more than one would argue that there are only 
two degrees of freedom in an equation which contains only marital status, 
despite the fact that marital status and type of dwelling cannot ajjpear in 
the same equation. In the white equations, 597 children are observed in 
situations in which the ordering of schoc variables is restricted. All 
children in school A receive all the inputs in school A, and those in B 
receive B. Not all possible interactions are directly observed in the 
data. This is typical of regression data— it is why regression analysis 
is used. The statistical degrees of freedom does not depend on the many 
possible (and redundant) variables which are not entered into the equation, 
but on the number of observations, less 1 plus the number of independent 
variables . 

The argument, then, is that it is reasonable, preferable, and sta- 
tistically valid to consider children as observations. It is reasonable and 
preferable because the object of the investigation is to determine the effects 
of variables on children, not on schools. It is valid because school vari- 
ables act like any situation variables, and do not restrict the degrees of 
freedom of the equation. 
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The Variables 

Data are from the sixth grade questionnaire, the teacher question- 
naire, and the principal questionnaire, all of which are reprinted at the 
end of Volume I of EEO. I selected those teachers who were in the third 
through fifth grades, because the test was given in September of the 

ft 

sixth grade. ’ The teacher responses were averaged over the school, and 
the average was applied bo each 'pupil in the school. 

This procedure .implies that each student moves randomly among 
teachers through the grades. For future researchers, a suggestion from 
Marshall Smith* ** is to weight each teacher by the percent white which he 
reports relative to the percent white in the school, and apply this 
weighted figure to white students, and apply the complementary weights to 
the teachers for black students. This seems to be a better approximation 
than mine to the data we all desire, but no one has; the correspondence of 
particular teachers with pupils through several grades. In either case, er- 
rors of association should bias significance tests, and possibly (if assign- 
ment is non-random) even the statistical relations between teacher charac- 
teristics and student outcome towards zero. 

A recent study notes that n the evidence suggests that the quality of 



*In practice, this distinction is of little importance. Sixth, 
grade teachers are not different from fifth grade teachers. Teachers in 
the fourth grade who were not in that school when the children were in the 
fourth grade were not eliminated, implying the assumption that they re- 
placed teachers like themselves. The extent and direction to which this 
is biased is unknown, though replacement of likes seems more probable in 
high turnover schools, less probable in. low turnover schools, where the re- 
placement may be considerably younger than the person replaced. 

From conversation, I understand that Christopher Jencks is experi- 
menting with this weighting scheme. 
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the principal and staff has a profound influence on [student] improve- 
ment," [(33), p. 1] Though in EOS there was evidence on the principal's 
degree, major, and experience, there was no direct measure of the princi- 
pal's performance (such as the 30 question test taken by teachers), or at- 
titudes (such as teacher preferences for other school, for different race 

or "ability" of pupils). 1 therefore used only his answers to questions 

•»» 

about the school, and not about himself. 

Individual student questions were sometimes combined, sometimes 



divided by possible answers, usually according to my judgment or interest, 
sometimes according to preliminary findings. For example , I started with 
a linear age variable, which associated negatively with output: the older 

the child, 'the lower the achievement score, controlling for other factors. 
But there was really no significant difference between a 10 year old and 
an 11 year old— and in fact, 9 year olds (children who reported that 
they were nine) were below average. Thus I created binary coded variables 
for 12 or older, and 9 or younger. On the other hand, I combined nine 
home items into an index of possessions, not being ready to believe that 
the possessions of any one provided the information I was seeking. The 
names abto,ched to these variables should indicate how they were creabed. 



^Preliminary investigation indicated little success with principals' 
personal variables anyway, 

* “Unfortunately , however, 60 percent of the total sample had b or more 
of the items, the median being between 7 and 8. For the samples actually 
employed in the regression analysis, 85 percent of the whites (though only 
36 percent of the blacks) had 8 or 9 items. Thus the index does not neces- 
sarily contain the precision implied by nine questions, > If that item which 
the children with only 8 do not have is the same item for most of these chil- 
dren, the index merely measures the presence or absence of that item. 
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For some of the equations to he presented, some interaction variables 
were also created. These were formed by visual inspection of school sum- 
mary data. School resources and average student characteristics were looked 
at, where "resources" were average teacher test score and experience, and 
the pupil characteristics were possessions and a socio-economic index. 

At least four schools had to meet criteria of "low," "mid," or "high" 
socio-economic status of the students ("peers"), or three categories of re- 
sources to qualify as a variable. Three categories of schools were 
selected this way; high resources but low peer, low resources but mid 
peer, high resources and mid peer. The effect of each of these categories 
was not assumed homogeneous, but was made into a separate variable for above 
median and below median SES for 'each child. The interaction effect of being 
a high SES child in a low SES school, or a low SES child in a low SES school 
could be accounted for separately. These interaction variables were not 
included in the simultaneous equation system. 

The outputs considered are raw test scores of students. A verbal 
test was the basis of most findings previously reported. This test, and in 
addition a reading and a mathematics test, are used in the single equation 
study. In the simultaneous model, only verbal score is used as an aca- 
demic output. An index of student attitude and his grade aspirations, are 
also outxjuts in the model. Grade aspiration means how far the student says 
he wants to go in school. However, 87 percent of the blacks in the final 
sample, and 93 percent of the whites had the highest two values among five 

• The SES index was created by weighting the listed father’s occupa- 
tion by the mean income for his occupation and presumed race (from the 
race of the child) from the i960 Census of Population reports for the area 
of the sample. 
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possible values. The student attitude question on the other hand, was very 
evenly distributed. Of eleven possible values , between 10 percent and 20 
percent of the blacks in the final sample had each of five values, and 10-20 
percent of the whites had each of six values. It seems trivial to assume, but 
nonetheless important to mention, that high values of grade aspiration indi- 
cate "expected" or "socialized" response. The attitude questions, such 
as "If I could change, I would be someone different from myself" (answers 
"yes," "no," "not sure"), are not those ordinarily asked of a sixth grade 
pupil, and so elicit less socialized, more spontaneous responses. 

Finally, I will touch here a little on interpretation of vari- 
ables, The authors of EEO sagely warned about "the danger of unconsidered 
surrogates ," which "can lead to seriously misleading conclusions." They 
give an example: 

Let us suppose that community attitudes toward the im- 
portance and quality of education have substantial effects 
on the development of student achievement. What would we 
expect about the apparent relation between achievement and 
teacher characteristics? • Surely we would expect that com- 
munities more concerned with education and educational 
quality would — (l) be more selective in hiring teachers, 
and (2) pay higher salaries, thus attracting better can- 
didates. As a consequence we might expect an apparent 
relationship between development of achievement and mea- 
surable teacher characteristics to be generated as a surrogate 
for an underlying relationship between development of achieve- 
ment and community regard for education, even if teacher char- 
acteristics themselves had no effect on achievement. (All 
quotes , EEO , ( T ) , p * 327 • J 
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This warning is perfectly in order. The example, of course, does 

not apply in the present case, where one city only is being studied. 

Strangely, nowhere in EEO is the suggestion made that surrogates can work 

the other way round: that home items can be surrogates for access to school 

* 

facilities. Take, for example, the problem of student assignment to 
teachers, mentioned above. Though there is some meaning to the average 

4 

teacher characteristic in setting the atmosphere of the school, the devi- 
ation from that average which is each child’s history may have a regular 
pattern. I have been told, for example, of a very aware teacher in a 
Boston suburb who takes her low-tracked class through the school corri- 
dors, looking into other classrooms. The students one by one mark, from 

visual observation through a window in the door only, which track each 

# .... 
class is in. Their estimates correlated well with ohe actual tracking, 

the identification coming, says my informant, from the d ress of the chil- 
dren in each room. If teacher assignment among track/ is biased, and if 

the characteristic by which teachers are assigned to higher track students 

* 

is truly effective, that effect will show as a student variable. It may 
be in the possessions index, size of family, father’s education, mother has 
a job, etc., whatever correlates with type of dress. 

In fact, in assessing the probable direction of surrogates, the side 
taken by EEO seems perverse. Only student characteristics vary within 
schools. We know that school facilities are not distributed randomly within 
schools, and any student variable which is associated with a bias in re- 

' X 'as this is just an anecdote, not much analysis is required. But I 
did ask if the class know either the children or the teachers, i.e,, knew 
the track of each class from some external information. I was assured this 
was not the case. 
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source allocation may be a surrogate for the effect of that resource. There 
is no such striking argument on the other side* especially in a one city 
sarirple. One must assume that individual student items are more likely bo . 

be surrogates for school effects than vice versa. 

There is no way to add the possible biases together to come with 
a resultant. However. I have attempted to bias all estimates away from finding 
that school resources are associated with the outputs. Other studies have been 
similarly biased, but they have either not recognized or not stressed this bias. 

In interpreting the variables, the prime rule will be a priori 
to suspect the label of the variable. All schools probably track, so what 
the "tracking" variable indicates is something about the form of the track- 
ing, the nature of the principal who decides which way to answer the 
question, a student body so homogeneous that tracking is not feasible, or 
something else. The teacher test, often taken by the teachers together, 
never under professional supervision, may indicate degree of coopeiation 
among teachers. The number of library volumes is presumably an estimate 
from purchases or the card file, and not an indication of %he actual num- 
ber available for students, nor of course of their quality, the physical 
ease of taking them out, the extent to which students are introduced to 
the library, encouraged to use it, etc. Each item has the same interpre- 

tat ion problem. 



*Even sex: 1 percent of the pupils in the SMSA sample from which 

our data is drawn gave no sex. I am not sure that all children who did 
not know their sex-or, more likely, could not read the quest ion— did not 
mark it. There might be another 1 percent who randomly marked, and theie- 
fore 1/2 percent who are incorrectly coded by sex. This is not enough er- 
ror, surely, to cause mistrust of that variable, but it is an example of 
how* even the simplest item contains some error. 



Statistical Techni ques 

The common technique applied to EOS and similar data is the single 
3. inear regression. A dependent variable is made a function of a set of 
independent variables „ and fitted to the data to accord to the 

form: 

Y = a + b 1 X ] + b 2 X 2 + . . . + \X n 

The fit is made according to the principal of least squares, which minimizes 
the sum of the squares of the distance (in the Y direction) of the obser- 
vations (data points) from the fitted n dimensional plane, where n is the 
number of independent variables. I assume that the reader is somewhat fa- 
miliar with this technique 0 I will mention here that by minimizing the 
sum of ^n;are£, distant points receive a weight greater than the researcher 
would perhaps like to give them. They may be due to some different relation- 
ship-such as the desired output of the school, as discussed above— and 

should not be allowed to affect the estimates. 

In using time series data, or other data with a limited number of 
observations, one often performs a residual analysis. War years, depres- 
' sion years (in time series), Alaska and Hawaii (in state observations), 
and other such identifiable anomalies from common patterns often cause the 
outlying points. Sometimes they are entered into the equation by creating 
special variables, sometimes they are excluded. In the case at hand, how- 
ever even if we did find one school or two with observations far from the 
rest, we would not know why this was so. If we did know, it would be because 
we had a variable describing those schools which had different values for 
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them, in which case inclusion of these variables should solve the problem. 
Hawaii and Alaska are often different from the other states because the 
meaning of "nonvhite" in* say , generating income , is different in these 
states from those in the h 8 other states* Rationing in war years made the 
notion of "price” different from ordinary years, and the composition of out- 



put, demand for labor, etc,, were unusual. A dummy variable in these cases 
corrects , from information external to the data, for a variable in the data 
which has different meanings over different observations. 

Hot knowing which Eastmet schools are which, not hav'ag any informa- 
tion about them individually outside of the data, a dummy variable for 



certain schools would only be a measure of ignorance in an effort to improve 

p 

R" or other measures of goodness of fit. It might be an interesting in- 
vestigating device, but not an explanatory device, On the other hand, as 
explained above, I did pick out some combinations which could lead to ex- 
treme observations, and defined variables accordingly as "interaction" 
variables. Their purpose is to bring extreme points into the general scat- 
ter, to reduce their influence on the resulting coefficients. The coef- 
ficients of these variables themselves are not interesting in this context. 

There are a number of basic problems with the single linear regres- 
sion. One is in its use: It does not, and cannot in simple application be 

a description of the prod action 'proces s within schools. A process should 
be described before being estimated, and I cannot believe that anyone would 
describe the schooling process as linear additive. Surely there are many 
interactions, many non-linear effects. One might be able to estimate them 
by linear regression on a reduced form model, deduced from a series of eq.ua- 
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tionn cloy bribing student preparedness , teacher ability, desire, etc. I 
have not seen such an attempt made. 

What a linear regression on the variables might do is give coef- 
ficients which describe in some average way the effect of the independent 
variables on the dependent variables. The production function must be 
correct on the margin: it should predict what an increment of X. will do 

to Y, holding the other X’s constant. 

The linear equations presented 3) ere and elsewhere in the education 
literature should not pretend to do this. They perform, rather, an 
averaging function. They designate what the linearly isolated effect of 
a particular variable seems to be j at least, what the linearly isolated 
association of an independent variable with the dependent variable is over 
a large number of observations. If there is a large coefficient for an 
inexpensive variable, the linear regression does not imply that more of 
that variable should be purchased. On the margin, tho.t variable may have 
little effect, 

A regression estimate fits the scatter of observations such that 
it is the variations in the observations which creates the hyperplane, not 
their levels. One problem in interpreting the results of average equations 
is in. determining the effect of variation in inputs relative to their base. 
Explanations of variations in scores are not explanations in levels. Most 
students in our total sample scored 30 or better out of !50, and all student: 
scored 20 or better in the verbal test. Most of the questions had five pos- 
sible answers, so pure guessing would have produced a mean of at most 10 
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correct answers. The worst student did twice as well as that, and the 
average student did throe times as veil. This does not indicate that 
schools, as opjmjsed to homo life, produced this level of achievement , hut 
it is possible that, at least for some children, schools did perform this 
function. The variation in school resources may produce little of the 
variation in outcome, but the existence of schools might produce most of 
the test score level— -or none* That is still an open question. 

The single equation linear variable cannot account for the effect of 
attitudes on achievement, if attitudes are also the result of achievement. 
Simultaneous determination of attitudes and achievement requires a simvO ~ 
taneous equations model. The three equation model presented here is a 
variant of that employed by Henry M. Levin [?.'(} in his paper for this con- 
ference, and I will not go into detail about it here. Student's grade 
aspiration and "fate control" attitude are assumed functions of the same 

variables as his achievement, and als o a fun ctio n of the achievement i_t self. 

Achievement is also a function of these attitudes. Three equations contain- 
ing arguments which, are dependent variables elsewhere in uhe system, must 
be estimated by two-stage least squares. The model is overdetermined a 
priori . 






"'The median might have been lower under guessing, since the random 
selection distribution is skewed about the expected value. The median was 
in fact hig her, than the mean. The expected moan under guessing would be 
below 10 if some students did not finish the test. 
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THE EQUATIONS AND THEIR IMPLICATION 



In tills part of the paper I will present regression equations de- 
rived from the Eastmot samples. In the first section, the ordinary least 
squares "average effect" equations will be presented and briefly discussed. 
Hazards a/, interpretation will bo stressed. In the next section the equa- 
tions f oi blacks and whites will bo compared with each other to see if the 
same equations describe the average effect of the variables on different 
children. The concepts "resource" and "recourceneos" will be defined in 
fchiu section. In the third section, equations for whites will be compared 

by social class. Finally, a simultaneous equations system is presented and 
compared by race. 



Averag e Effect Equations 



The average eiiect equations, as explained above, are regression esti- 
mates of the average relationship between the dependent variables (verbal, 
reading, and math scores) — one at a time — and student background, school 
and teacher variables, with some attempt to account for points far from the 
1 ©suiting hyperplane. They are not attempts to describe the production pro- 
cess where the independent variables are "inputs," the dependent variables 
outputs, I do not feel constrained to choose a "besb" equation for each 
output, but will present alternatives when no clear choice can be made. 

With this kind of data, the crude measurements, the many possible in- 



# 



independent determinations would violate the very concepts of 
joint production which they are supposed to estimate. In determining average 
effects, the production of other outputs is not accounted for, as it would 
be in joint production estimation, nor is an index of the joint product as- 
sumed to be maximized. 
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terprelntions for any variable, this freedom is advantageous, For the 
white sample, two equations with verbal score us the dependent variable , 
three with reading score, and two with math score are presented in Table 1. 
For blasts, two verbal, two reading and one math equation are presented. 

The fewer black equations is a manifestation of the common finding that 
black behavior and outcomes ere not as associated with typically measured 
variables as white behavior and outcomes. This is because we measure the 
wrong variables for blacks, their behavior is erratic with respect to the 
variable’s, or society's behavior is erratic with rosf>oct to the variables 
when dealing with blacks. All of these reasons doubtless hold. By 
measures of goodness of fit also, the black equations do not explain as 

■K* 

much of the variation in scores as do the white equations. 

The different specifications of equations generally contain the some 
student variables, substitutions being made among teacher and school vari- 
ables. Sex and age were included a priori, and possessions and si ze of 
family, the most significant variables in almost every equation, were 
included essentially automatically. The other variables were experimented 
with, but the bias in select :i on was to include as many student variables as 

The black equations have similar standard errors to the white equa- 
tions, but the black dependent* variables have smaller variances. In terms 
of standard errors, then, the black equations are Just as "good" as the 
white equations, and the difference in K~ might be considered a differ- 
ence in the d ata , not in the equations. 

I refer to the variable as "family size," though the question asked 
for number of people living in the same home , which may include non-family. 
Because of the lack of variation in the possessions index, as noted above, 
a great deal of social class variation is left to be accounted for by other 
variables. 
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Table 1 

AVKRA' ,G>: KFj-WP F0;.’ATX01TS 




Verbal} 



Verbal ^ 



Reading} 



Heading Reading^ 



2d 



Math-j 




.onslant 


17.5 
(5 r/l ) 


-0.6.9 

(3.1) 


.6 

(.2) 


-5.6 

(.8) 


10.1 

(1.9) 


9.8 

(3.8) 


10.5 

(2.9) 


k'/’.b ground : 
Sax 


.8 

(1.3) 


.8 

(1.4) 


1.8 

(3,9) 


1.8 

(3.7) 


1.8 

(3.8) 


-.7 

(2.0) 


-.8 

(2.3) 


Ass 12+ 


-7.5 

(5.0) 


~7 ^ 
(4.9) 


Mwl[ # 
(>•1,0) 


a. 5 
(3.9) 


-4.7 

(4.1) 


-3.0 

(3.4) 


-3.0 

(3.5) 


People at home 


(3.3) 


— * ^ 
(3.4) 


-.5 

(3.8) 


- .4 
(3.7) 


-.5 

(3.9) 


-.3 

(2.3) 


-.2 

(2,3) 


Posse sb ions 


1.4 

(5.3) 


1.3 
( h . 8 ) 


1.0 

(5.2) 


1.0 

( 5 . 1 ) 


1.0 

(5.0) 


.3 

(2.2) 


‘.3 

(2.0) 


Father’ s Education 


.3 

(2.7) 


.3 

(2.9) 


.3 

(2.9) 


.3 

(2.9) 


.2 

(2.6) 


(4 *.6) 


.3 

(4.1:) 


Kindergarten 


2.1 

(2.3) 


2.2 

(2.5) 








1.3 

(2.9) 


1.2 

(2.3) 


Mother's I 0 D. 












-.3 

(1.5) 




L'eacher : 
Test 




.8 

(3.2) 




.5 

(3.0) 








Experience 


.4 

(5.1) 


.6 

(8.2) 


.4 

(6,5) 


.4 ' 

(6.4) 


.1 

(1.4) 






Tenure 




• 






~2 « 0 
(1.2) 




“2.6 

(2.9) 


Race Discrepancy 


-2.7 

( 5 . 2 ) 




• • 








- .3 
(l.l) 


Race Preference 




1.5 

0io5) 


1.1 
(Ik 6) 




• 






! 

College Major 








* 






2.6 

(2.0) 
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(Table 1 — cont.) 



iud epcnclent vn ratable 
Constant 
Background : 



Father* s occ 
Mother’s cd. 
Mother’s I , D 
Kindergarten 



Teacher; 
Test sc or 


’0 


Ra c 0 




Parents’ 


eel . 


"Years of . 


school 


04 . . 

Academic 


major 


Tenure 
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Verbal^ Verba .'l^ 






1.4 

( . 2 ) 



Sex 


, .7 

( .9) 


Age 12*;- 


7 3 • 7 
( 2 . 6 ) 


Age 9- 
* 


*•"4 » 2 
(1 o') 


Possessions 


1,0 

(4.0) 


People at home 
Father’s ed, 


~ * 4 

(2.4) 



5 



.6 

(3.1) 



-3 , 3 

( 2 . 2 ) 



2.7 
( .3) 



.6 

( 1 . 0 ) 

“ 4.0 

(2,6) 



-4 . 5 
(1.3) 



• 9 

(3-9) 



♦ l\> 
(2.3) 



• 5 



(2.9) (2.9) 



.5 



(1.9) 



Rea d:i ng- 
»* ♦ ** * 


Reading^ 


Math^ 


2.8 

( . 7 ) 


5*1 

(1.2) 


7.2 

(1.4) 


1.2 

( 2 . 0 ) 


1.2 

(2.1) 


~ . 6 
( 1 . 5 ) 


~2< 6 
(2.6) 


-2.6 

(2.6) 


*** 2 «. 0 
( 3 . 0 ) 


.2 

(1.3) 


. 3 
(1.5) 


.2 

( 1 . 6 ) 


7 .3 
( 2 ./,) 


•• • 3 
(2.3) 




.3 

( 2 . 6 ) 




.2 

(2.5) 


.4 

( 1 . 6 ) 


•4- 

(1.7) 


• 3 

( 2 , 1 ) 


~ * 3 
(2.4) 


- • 5 

( 2 . 3 ) 




. 1 . . 2 
( 2 . 0 ) 


1 . 2 
( 2 . 0 ) 




.2 






( 1 . 1 ) 


- 2.0 

(1.5) 


* 


.3 

( 1 . 6 ) 


.4 

( 2 . 6 ) 


.2 

( 1 . 9 ) 






-- 1 , 5 

(1.5) 


-7.1 

( 2 . 1 ) 


-• 6,3 

( 2 . 1 ) 
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(Table 1 — cent.) 



Eastmot 7 Average Sfi/ect, 



Bl.acks, 



cent • 
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possible. Them is therefore a Man against the inclusion of school and 
teacher variables, so that there is no question about their appropriateness 
in these equations. 

An example of the distinction between the average effect equations 
as presented here and production estimations can he drawn from the "Kinder- 
garten” variable, which appears positively wherever it is included. This 
does not indicate that sending a child to kindergarten will raise his 
sixth grade verbal score by over t wo points (if he is white). It indicates 
that white children who went to kindergarten scored, on the average, two 
points higher on this test onan other white children with otherwise simi- 
lar characteristics. The kindergarten may or may nut have played a role 
in this higher score; it may indicate the concern of his parents, or the 
neighborhood in which the family lived, or their social milieu (in which 
it was understood that children went to kindergarten before elementary 
school). More importantly, no claim is made that the marg inal effect of 
sending a child to kindergarten would be to add two points to his score, 

The same distinction must be made for the teacher and school vari- 
ables, For example, in the white verbal equations, the average discre- 
pancy (per school) between the teacher’s reported percentage of white 
students and desire d percentage of white students is strongly associated 
with the score of the children if the teachers’ average test scores are 
not in the equation. When we account for the test score, then not the 
discrepancy, but the absolute preference for whites has a strong effect. 
Verbal surely does not mean that we should take teachers with mean test 

c 

scores and consider those with strong preferences for white students to be 



the better teachers. If we did, wo might then send them to schools where 
there are many blacks, where their discrepancy is high, and where they are 
consequently bad teachers. Or we might find that these characteristics 
alone make no difference at all, on the margin. 

What these coefficients probably moan is one of two things: (l) 



Teachers are found to move towards their preferences, and white children 
who score higher tend to move toward whiter schools, so that teachers with 
strong preferences for whites tend to reduce their racial discrepancy and be 
associated with better students. (2) Some teacher attitude, which may find 
some expression in racial preference, affects their teaching. 

ho policy conclusion follows from either interpretation, though the 
latter indicates that an area of investigation might be revealing: the ef- 

fect of teacher attitudes on student performance. Some work on this ques- 
tion is being done, as is well known. Whether the attitudes involved are 
trainable or selectable, whether they can be applied to all children in a 
classroom or by definition select within a classroom; to these questions 1 
have no answers. And of course, whether these equations imply an effect 
of these attitudes on children or on teacher location is also open to in- 



vest igat ion. 



Comparing Equations by Race 

It is not clear why, if the school variables are to be interpreted as 



The correlation between teacher racial preference and discrepancy is 
-.60 in the white sample. For blacks, the correlation is on3y -. 06. Teachers 
of whites, then, apparently are more free to follow their preferences in re- 
gard to race of their students than teachers of blacks. 

Rosenthal and Jacobson [ 3 1 ! ] , but see their critics, 

Thorndike [Hi], 



for example 
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social claae phenomena, the 'black equations look so different from the 
white equations. The teachers ' parents' education is an important variable 
in the black equations, but does not enter the white equations. Academic 
majors (as opposed to education or physical education majors) are negatively 
associated with black reading scores, but positively associated with white 

math scores. Teacher experience does not help black children— at least 
not experience in the teachers blacks have— and the race variable in the 
black Reading,, equation substitutes for the test score in the Readily 
equation, whereas neither variable appears in two of the three white reading 
equations. This is a serious question, to which there are several pos- 
sible answers. 

Blacks, it might, be argued, are not able to gain resources by im- 
proving their social class status. [See Michelson (3l)]. The phenomenon of the 
teacher associating himself with better students does net occur among 
blacks, possibly because housing discrimination is so strong that upper 
class blacks do not have access to upper class schools. Thus the associ- 
ation of quality teachers with quality students, which is the explanation 
behind the equal, ions-this argument continues-does not. apply to blacks, and 
the school and teacher variables which appear in the white equations have 

no chance of appearing in the black equations. 

This argument is more incorrect than correct , though it probably has 

some of both elements. In my recent publication cited above, I presented 
resource indexes derived from some of the equations of Table 1. "Resources" 
were defined as those school and teacher items which appeared in the equations 
nitcV resources were therefore different from white resources, and black 
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resources were not distributed uo bluets over social class, but white re- 
sources were so distributed among whites. However, whites’ resources are 
also distributed by social class amon g Mack s. There is. an association 
between the ever age characteristics of schools and social class, when these 
characteristics are the variables entered in the white equations, whether 
white or b'lach students are considered. These variables could have been 
associated with scores of blacks, which are also associated with social 
class (though not as strongly as white scores). But they were not. In- 
stead, different variables appeared to be associated with black scores, 

and these variables were not distributed among blacks (or whites!) accord- 

% 

ing to social class. 

A different ’argument, which accords with the allocation of these 
items, is that different things affect blacks and whites. That is, a char- 
acteristic of a teacher may be a resource for a white child — i.e., would 
increment Ms score — but not a resource for a black child. ’’Resource" 
then is not just anything which appears in a school, but an input which has 
an effect . What is a resource to whom is an empirical question. That 
question is not answered here, as 1 hope 1 have made clear. But it is 
raised here. It implies that the equations indicate some sort of causal 
relationship between something measured by some of the variables, and aca- 
demic achievement. We do not know what that something is, because the 
variables are simply not that precise. But if there is any implication of 
causality in those equations, the implication should be stretched to in- 



More detail about those indexes will appear in future publications 



36 



elude differential causality: different things affecting white and black 

% 

children. 

At this point i have indicated that blacks and whites seem to re- 
spond to school variables differentially— i.e. , that different variables 
have different resourceness to blacks than to whites. To indicate that 
this difference is statistically significant, 1 estimated the coefficient 
which blacks have for the white specifications, and the coefficients ior 
whites with the black specifications. I then tested to see if the.ir re- 
sponses were the same. This is equivalent to asking if, with respect to 
these equations , blacks and whites could be said to be drawn from the same 

population. 

In Table 2, the E test, degrees of freedom, and significance level 
are given for all of the average effect equations, The conception behind 
this statistical measure is simple, The regression equation is estimated 
to minimize the sum of squared residuals: if Y is the test score and 

A 

Y is the equation’s estimate of the test score, then define e — Y — Y , 

I a r*- 2 

O 0 

Minimizing Z.e c ‘ is the sane as minimizing -£*- where k is any constant. 
If k is the number of observations (actually the number of degrees of 
freedom), then this expression is essentially the average value of a resi- 
dual. If the average squared residual value is lower for separate regres- 
sions on subs ampules than for the sample o,s a whole — it can never be higher- 
then the equations which generated these average squared residuals must be 
different. This will almost always be true to some extent , but since the 



*It should be pointed out that 33 of the 35 East met city schools had 
both white and black pupils. The weighting of resources, but not access to 
some of the resources , varied by race. 
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TABLK 2 



AVKHA8K RPWre 


WiUATXOliS 




l? Toot of 


Blaeb-Wbi 


to Difference 


.MS 




F 


d . f . 


Big. % 

4* « .«■ «* ."* >* 


WHITE EQUATIONS 








Verbal^ 


h . OT 


1>I ,,1027 


\1o 


Verbal^ 


5 . 5^ 


11,1033 


if 


Reading^ 


6,00 


9,1037 


if 


Keadrngp 


3,68 


11,1033 


if 


Reading ^ 


2.59 


12,1031 




Math- 


3,99 


13,1029 


1 % 


Mathp 


2.71 


12,1031 


5 % 


BLACK EQUATIONS 








Verbal. 


9.01 


10,1035 


if 


Verbal g 


9.69 


11,1033 


1 % 


Reading.. 


M3 


12,1033 


if 


Re acting g 


).i.l4 


12,1031 


if 


Math. 


9.10 


8,1039 


1 % 



Mirnimm mmnk 
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average residuals from samples from the same population follow a known 
probability distribution (Chi 2 ), ro does their ratio (F), and we can ealeu- 
late if the reduction in average residual squared is statistically signifi- 
cant, i.e.j highly improbable under the assumption that the samples were 
truly from the same population. 

There should be no question that the blacks and the whites form two 
distinctly different samples. In fact, since most of the variables are 
the same in black and white equations— —the background vu3 iables— -this is 
a somewhat weak test. Further Investigation of the individual school co- 
efficients verified that they ore different for blacks and whites under 
similar equation specifications. The educr at j pnal. impact of the gtatlsti- 
ca l difference in resourceness cannot be so easily tested. This will be 
discussed below. But the point should be clcn-j the school variables 
which seem to be resources are different for blacks and whites. 



Social Class Differences in Bcsourconess 



Whites were split into bottom quart ile and the rest, and the same 
test was performed. The results appear in Table 3. Here, however, a few 
more words on the regression sample should be offered. In quart iling the 
sample by social class, the entire SMSA sample was included. Though I 
doubt the representativeness of the suburb sample, together with the city 
sample I had a much more reprenontub 1 ve picture of class variation. In 
selecting the central city to study, a bins towards lower classes wan pro- 
duced. That is, more than one fourth of the city sample is in the bottom 



quart ile. However, in selecting the sample of children who had been in one 
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TABLE 3 





AVERAGE 


EFFECT EQUATIONS 


F Tost of 


Bottom ys , 


Top Three 


Quart iles - Whites 




F 


3).F» 


Significance 

Level 


Verbal^ 


.97 


1 k, 369 


n,s. 


Verb o-l 0 


1*20 


11,579 


n. s . 


Reading^ 


2M 


9 >579 


10# 


Reading,, 


2*1 6 


11,575 


10 % 


Readi ng^ 


2.3h 


12,573 


% 


Math, 


.OhQ 


13,571 


n,s* 


Mathp 


.73 


12,573 


n. s . 
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school only, the opposite bias was produced * I had no a priori expectations 
as to the result, hut in fact only 32 of the £97 whites in the regression 
sample {$M) were in the bottom quart lie sample, They therefore could 
not represent the entire spectrum of schools, though bottom quartile 
children are probably nob in every school anyway. 

In interpreting the results of Table 3, the sample problem must 
be kept in mind. Difference in equations could bo due to nonlinearities 
in the relationships, not differences in the sample, if the 32 children 
here represent extreme observations. 

ijhe heading equations are apparently different. The coefficients were 
strikingly different for the bottom quartile regressions, including re- 
versed signs for racial discrepancy and preference variabi.es in all four 
equations in which these variables appear. 

I partitioned the white sample again at the midpoint of the second 
to bottom quartile, creating a new lower sample with 88 (l4.7 percent) 
observations. This adds more children to the bottom sample than were 
originally in it— and aiso undoubtedly adds more schools. Three of the 
four above-mentioned reversed signs reverted back to the signs from the 
total sample regressions. The R , which had been extremely high in the 
bottom quartile sample (above ,7) went down (though were still high com- 
pared to the total sample R 2 ), and not one F test for difference proved 
significant. Once again, this could be a function of the particular 
schools involved. But it could also indicate that the bottom 5 percent 
of tlie regression sample children are very different in their reactions 
to school (and background) variables from the rest of the population, 



hi 



whereas the bottom V) percent are not, Whether thin means the bottom 
quart ile of the entire sample is different, I do not know, and cannot ue- 
t ermine from this data. None of these results can do more than suggest 
what may be true. But I think this kind of result is striking in educa- 
tional possibilities, if not in statistical definitiveness. 



The Simultaneous Equations System 



The schooling process is not as simple as a single linear regression 

would indicate. One way in which to conceive of it is as a system which 

simultaneously determines several outputs which affect each other. As 

long as each output has determinants which are unique to it, such a system 

can be estimated, I pzoxjose a three equation model in which verbal score, 

student attitude (control over his life), and his grade aspiration are 

‘X* 

three outputs. His attitude and his grade aspiration are functions of 

•x-x 

his score, in that they give him a sense of reality about himself. 

Neither his attitude nor his grade aspiration influences the other directly, 
though they both influence the verbal score, hence each other indirectly. 

Most of the background variables are assumed to influence all three 
outcomes , though whether the parents are ’’real at home" or something else 
(say, an uncle or aunt for father or mother) is assumed to have no direct 
effect on verbal score. Of the school variables, the teacher attitude ques- 



*The reader is reminded to refer to Levin (2'j) for details on simul- 
taneous equation systems. 



M 



The process by which this works is not clear, especially if grades 
do not correlate well with test scores, which often seems the case. If X 
had data on grades, the information system could be specified and the model 
would be greatly improved. 
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tion (preference for another school) is assumed to affect only attitudes 
and grade aspirations. Attitudes are affected by toucher turnover (princi- 
pal's response to taw question "What percentage of your teachers quit last 
year?") in that teachers in a school with high turnover might not pay as 
much attention to an individual as teachers in a low turnover school, Dis- 
ruptions from turnover 9 and the other teacher and school characteristics 
(except teacher preference ) all affect verbal score directly* The teacher s 
undergraduate institution was assumed to influence grade aspiration, though 
in this case (and this case only) the sign of the coefficient in the equa- 
tion for whites was other than expected. 

This three equation system looks like this: 



V 



b^A + c^O -I- )££ ^it^i 



A 



G 



a 2 V 



a,V 

3 



+ s a gi x i 
+ X a 3i X i 



where V is verbal score, A is attitude, G is grade aspiration, X t a,re the 



exogenous variables, and there is at least one d^ - 0, d^ 



0, and & 0 . - 0, 
3j 



where k ^ h j. In vector form, where Y is the output vector and X 



is the vector of exogenous variables, 



MY + NX 



In this system, M is a 3 x 3 matrix, N is a 3 x If matrix, and Y and X 
are vectors with three and IT cells* The solution is: 



(I - M)~~ NX 
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The structural equations are estimated by two-stage least square; 
and are given in Table 4 for whites and blacks. The solution, or reduced 
form equations, is given in Table 5, 

I have not performed any statistical tests on those equations, none- 
theless , looking at the differences by race, the impression is strong that 
these are not the same systems. The number of different signs is striking, 



The specification was par by a priori, partly experimental. It was, how- 
over, perfected on the white sample. Thus I could have derived an optimal 
black system, and asked what the coefficients for whites were like in that 
system, analogous to the work in the previous section. For the purposes 
of this exposition, the work presented here should suffice. 



For this reason, T statistics are not given for the black coef- 
ficients ► 



TABUS 4 a 

STBUCTUHAL EQUATIONS , WHITES 

H = 597 
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#*** W, m*m mm* ***** ***** , 

Verbal 


T S L S 

****, IP*M# ***** ***** ***** — — MM* *M 

Student 

Attitude 


"* * Mmm- ' MM <* Ml. » »■'<. Mwr. 

Grade 

Aspiration 


Verbal 




.054 
(a. 97 ) 


.067 

(3.34) 


Student's Attitude 


2,391 

(1,62) 




r** t** m 


Grade Aspiration 


1.622 

(1,63) 


M r»i 


M *** mr 


Background 








Sex 


-,lt 6'7 

(,ks) 


.990 

(3.08) 


• -.125 
(. 94 ) 


Age - 12 ** 


-9.026 

( 2 f 6 l ) 


.122 

(.25) 


• 28 ^ 
(. 79 ) 


Family Size 


— • 080 
(,29) 


-.129 
(2. >49) 


** # 0^4 3 

(1.27) 


Possessions 


.630 

(i.iii) 


.191 
Cl. 57 ) 


,021 

(.29) 


Kindergarten 


,969 

(.77) 


-.116 

(.ill) 


.979 

(2.78) 


Mother ID 


p**f*it+* 


-.021 
( . 1 J ) 


-.219 

(2.45) 


Father ID 


****** MM 


-.091 

( 1 . 34 ) 


-.091 

(1.01) 


Father's Education 


, 066 
(. 33 ) 


. 08 i| 
( 2 . 13 ) 


. 017 
(.99) 


Mother has job 


MM 


-.293 

( 1 . 45 ) 


.309 

( 2 . 04 ) 


School 








Teacher Test Score 


. 2)|6 

(. 96 ) 


WM*HM 




Teacher's Undergraduate In- 
stitution 


6.457 

( 2 . 27 ) 


M fM* Mm* 


-.349 

(.80) 
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TABLE 4 a 

TKUCTU14AL KCJUATXOMS, WIITTriG (Continued) 



B r 



Teacher' s Experience 

Teacher* n> Preference for anotho: 
school 

Teacher Turnover 
Volumes per student 

4 

Constant 



Verbal 



. 637 

(. 5 . 10 ) 



023 

(.3.9) 

.380 

( 1 . 00 ) 

■33.55 



T 8 h 8 



Student 

Attitude 



.iHt 

(.37) 

.01)8 

(2.7>U 



5 , 5XU 



h c - 



? 



Grade 

Aspiration 



,701 

(2.4-2) 



8. 77 J -i 



K 



2 



. 36)4 



8 </ 1 -, ", 



. 184 

2 , 163 



.254 

1.603 



S*E 0 of Estimate 
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TABLE 4h 

STRUCTURAL EQUATIONS , BLACKS , 

N a 4|;8 



SPECIF 1 C ATI OK 



Verbal 

Student 1 a Attitude 
Grade Aspiration 



Verbal 


__ J?_S JiJJ 

Student 

Attitude 


Grade 

Aspiration 


3.33 
. 0 ^ 1 8 ^ 


.072 


.059 



Back ground 



Sex 

Age - 12 + 

Family Size 
Possessions 
Kindergarten 
Mother IB 
Father IB 
Father's Education 
Mother has joh 



•School 



Teacher Test Score 

Teacher* s 'Undergraduate 
Institution 

Teacher’s Experience 

Teacher’s Preference for 
another school 

Teacher Turnover 

Volumes per student 



Constant 



SJ'h of Estimate 



- f 48 l 


§ 

.199 


.551 


■2 . l 6 u^ 


«• 

-.210 


— . 421 


// 


.032 


•X- 

.019 


.947 


•X- 

-,.022 


. 067 ^ 


. 253 /; 


.017 


.793 

-. 034 " 
„ •» 




-. 089 * 


r*H »•* 


.050 


.085 


, *• 
-.084 


.097 

* 


. 098 ^ 


•Mef***** 


.001 


-.077 



.294 


X— 


— 1 — 


—1 • 46o 


— 


. -x- 

.675 


•ft 

-.179 


— 


*** 


— 


-.136 


.960 


*-* * 03-6 


-.025 


+*+ NM ■«* 


.0T6 # 


— 


— 


- 8,978 


5.326 


5. 033 


.146 


CM 

CO 

O 


.194 


10.36 


2.179 


1.992 



*Black and white coefficients differ in sign 
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Value of cooffioi, nk whim blnm tvioe or Jeon than one Half 



TABLE 5a 

K3;DUCED FOEM EQUATION, WHITES 



Background 


BE 

Verbal 


! D U C E D F 0 B M 

rn V* ***** ¥*"*** i p—> r ***** 

Student 

Attitude 


* ***** * >*w *m**,mmf ***+ 

Grade 

Asp a rat non 


Sex 


,846 


.595 


-.068 


Age - 12 ** 


-6 * 8o6 


-.243 


-.739 


Family Size 


-.6.13 


-.162 


-.089 


Possessions 


1.344 


.223 ' 


.110 


Kindergarten 


2.135 


-.002 


.721 


Mother ID 


-*532 


-.050 


-.25^ 


Father ID 


-.395 


-.112 


-.078 


Father ’ s Educate on 


*385 


.104 


-.043 


Mother has job 


I 

* 

ro 

—3 

o 


-.308 


,287 


School 


Teacher Test Score 


.323 


.017 


,022 


Teacher* n Undergraduate In- 
stitution 


7,718 


.4l4 


.167 


Teacher’s Experience 


.835 


.045 


,056 


Teacher’s Preference for 


1.030 


-.092 


.770 


another school 


Teacher Turnover 


-,l8l 


-.058 


— » 012 


Volumes per student 


.498 


.027 


.033 


Constant 


-8.030 


5.084 


8.237 



« 
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REDUCED FORM EQUATIONS 9 BLACKS 



Backgrou nd 

Sex 

Age - 12 + 

Family Size 
Possessions 
Kindergarten 
Mother ID 
Father ID 

Father* s Education 
Mother has jot 

School 

Teacher Toot Score 

Teacher ’ s Undergraduate 
Institution 

Teacher* s Experience 

Teacher’s Preference for 
another school 

Teacher turnover 

Volumes per student 

Constant 



Verb ai. 


Student 

Attitude 


Grade 

Aspiration 


,277' 


// 

.219 


. 568* 


-3.808 




-.647 

it 


- .382 


, 00)4 ' 


-,003 


1.159 


. 06 ?/ 


.136 


,Wa /; 


•x 

.090 


.820 


-.395 


-.118^ 


// 

-.097 


ft 


„ % 


% 


.227 


. 067 


.099 
. 117 

JJL 


.322 


.120 


// 

-,002 n 


.0005 


7 ? 

-.077 



f 336 


,024 


.020 


A -x 
-1.891 


-.136 


. 563 # 


•x 

-.237 


-.017 


, * 
— . 01 4 


, -x 
-*540 


-.179 


.928 


->133 


-.039 


-.008 

11 


// 

,ior 


if 

. 007 


. 006 ” 


12*497 


6.228 


6.573 



*Blacl? and white coefficients differ in sign 

^Value of black coefficient more than twice or 
white coefficient « 
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less than one half of 



IIJa'KHJ'IiLTATIOK Or' fJTATIfJTICH AI5D BKYOHU 

Sonic school inputs might ho resources to some children, not to others. 
But this "all or nothing" approach to resources probably does not describe 
most of the things which affect children, Kor , of course, does it ade- 
quately account for the output problem: that what is an important resource 

for one output may be .less of a resource for another, and may even have a 

a j 

negative effect on some objectives of schooling. It seems easy to me to 
use the word "resourceness" to indicate that children respond to an input, 
realizing that some inputs have more resourceness (for some outputs ) than 
others. Those inputs which have no resourceness are not resources, just 
as materials vary in their fluidity and those which have none are not fluids, 

There are a number of ways to determine how much is "a lot" in 

terms of resourceness, Those items which have no statistically signiii— 

## 

cant resourceness were generally excluded from the equations. Besides 
statistical significance, one should consider the concept of educational 
significance. For example, the teacher test score for the one black 
equation in which it appears , Reading^, has a coefficient of .2. We 
could ask: how many points would a teacher have to gain on his test score 



* 



Resources which induce discipline might stifle curiosity or inventive 
ness , for example , 






'in the ordinary single regressions, large coefficients in the meaning 
given in the text below were considered if the T valuer, were 1 or greater, 
even- though not significant by conventional standards,. 












1>0 
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to raise the roan ing score* one* point , or one standard deviation. Ob- 
vious 1 y 5 teacher points nro require*!, on the* average , to procure a point 
of reading score . The mean Iwher tort score for blacks is 2? points, 
and the highest possible is 30 points. Thus, as far as ye can discriminate 
by this test, the best teacher would produce , on the average, 1.6 points 

more than the current average teacher. The difference between the average 

m 

black and the average white reading score for the sample is 15. 7 points. 

Thus the experiment of putting the "best” teachers with the blacks re- 
duces the b.laak~whita gap by 2d percent. On the other hand, calculating 
the black score if they had teachers with average test score equivalent to 
that of teachers of white children, 8,8 percent of the student score gap is 
closed. Both of these seem to be educationally significant. 

On the other side, one might cuu’o more that these increases are 
2k percent and 7.5 percent of a standard deviation, respectively, which 
might seem less significant. Another wry to look at it is by asking how 
many whites score above the black mean, and how many whites would the black 
mean surpass under various assumptions. If the scores are normally dis- 
tributed, then in the case where the means were equal, 50 xicreent of the 



I am not concerned with observed variation in teacher test score, 
because the observed variation may nut represent the potential variation. 
However, this exorcise comes dangerously close to using the equation for 
purposes it cannot perform, estimation of margins!, affect. 

**I am using here means of the samples containing 1599 blacks and 
1727 whites. This is a reduction from 1*505 students in Eustmet after 
elimination of those reporting no sex , those neither black nor white, and 
those, with incomplete records (students but no teacher, for example). Thai 
sample includes the suburbs of Eastmet, which gives a broader range of 
scores than the city sample alone. 
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whites would score above the black (- white) moan. Taking the white 
stand-arc deviation find maintaining the normality assumption, then 78.5 per- 
cent of the whites score above the average black. Under the most favorable 
assumption, teachers who score 30 points assigned to blacks, but white 
teachers staying as they are, then 71 • ^ percent of the whites would still 
be above* the black mean. With equal teachers, 76.3 percent of the whites 
would still be above the black mean. That is, for each 1000 whites, 785 now 
score above the black reading mean (as opposed to 500 if blacks and whites 

wore equal), and with "equal" teachers, the black mean would surpass only 
more 

22/ whites; with the best teachers, the average black would surpass 71 more 
whites (or b9 more than with equal teachers). One might consider these 
numbers educationally insignificant, 

1 see no unique measure of educational significance, Much of the 
question about the effect of variables is, like many other educational, 
questions, a social problem, not a scientific one, Do blacks care more 
about their mean score relative to whites, or the number of whites who 
score bettor? 1 do not pretend to know. 



Implications fo r Teacher Tra^in^ 

To this point, no inferences have been drawn from the statistical 
study to questions of policy. Two major areas of concern here are: teacher 

training and resource allocation. For this conference, the stress will be 
on teacher training. 

• The equations do not indicate that "resourcenosr." is a trainable 
phenomenon. Nor, assuming that to some extent it is, are the implications 
for training clear in terns of the content of any program. I have often 
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thought that the Peace Carpi', and Vlo'l'A we re excellent training for teach- 
ing, and several school district:; have begun to think the some thing in 
the part few yours* It does not. room to lue to he necessarily true that 
school is a good place to train touchers . 

Whatever the outputs desired, whatever the ways to train teachers 
to induce these outputs in children, whet the foregoing does imply is that 
the structure of the training must respond to differences in the children 
who will he under the teacher's care, The concept that teacher resource- 
ness differs hy type of child X call "teacher specificity." Since different 
students will respond differently to different styles, attitudes, activi- 
ties, language, strictness, etc,, these properties of teacher activities 
should be investigated and directed to teachers who need them. 

The concept of teacher resource being a function of the children he-' 
ing taught might load one to conclude that segregated teaching was a pre- 
ferred school structure, If this were so, one could still reject it, as I 
indicated at the beginning. But it leads no such place. There are two ob- 
vious reasons why teacher specificity does not imply segregation. 

First, other children may well be resources in addition to teachers. 
Teacher resoureoness is not the only item in the entire resource package. 

Again, wo don't know to what extent other children influence any particular 

* 

child — nor do we know which other children influence any one. But in this 
ignorance, to structure the schools by teacher resoureeness would he to assume 
that other children have no effect. Even if this were true, the fac t of 



We do know that some children are generally recognized as class 
leaders, but that "outgroups" some: times have their own leaders. We do not 
know the extent to which this leadership influences outcomes of schooling . 



separation (and the .an:-, itaido invidious ccuipv.ri son) in 'he 13 evod to have 



a 



dutrimonta'i effect on 001:10 of the fhlldron, Thus ignorance* of the resource 
effect of children on cl*. ■ l .1 hr on should, 3 . f anything, lead to more hetero- 
geneous classes. 

Secondly , teacher specialisation itself need not lead to separation of 
children “because that specialization may U different for different outputs. 

By and largo, some teachers are probably letter wi J > under “privileged children , 
others letter with over-privileged children. To that extent, they may go to 
schools which are also characterised as under- or ovoi'-;pr:Lv 3 . 1 oged . But, 
some combination of resources may work best in a heterogeneous setting. That 
is, the specialization of some- resources might be directed more at "mixed" 
children, whereas other resources might bettor be directed at one group or 
the other. 

All of this is h land of mystery. Some teachers’ talents are clearly 
in bringing diverse groups together, and other teachers are incapable of 
that. Some teach batter with strict disci pllno, others with more freedom, 

Some have a conceptual approach to mathomut 2 0 s , some a mechanical approach . 

Some teachers will, interpret Hamlet as weak, some will stress that he was 
tormented. Some art; verbally oriented, communicate by words. Others prefer 
to play physical gomes, construct things? . Some want to direct the class ac- 
cording to plan , some want to develop tin-: son.se of planning find conclusion 
seeking in children, Too much the search has been to differentiate between 



these ehoracteristi.es in a search for tin.* "right” ones. It seems strikingly 
obvious to mo that the right toucher or mcihud for some children may be wrong 






